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B aacTomnee apeMH ocaoBHhiM MOTOJlOM CHHTeaa HOBhiX .H30Tonoa TpaacypaHoahlx 

sneMeHTOB .II IIOBhiX S~OMOHTOB smnHIOTCH HJlOpHhle pe81tll.H.H0 Bhl3h!B80Mhle YCKOpeHHhiMH 

MHOI'038pHJlHhiMH IIOH8MH llpH HX B38HMOJlOHCTBHH C MHillOHHMH H3 ypaaa, nnyTOHHH, 8Mepa

UHsi, K10pBH1 KanH<jlOpHHH H SiiHIUTOiiHBH. llpa STOM, B OCHOBIIOM, HCilOnh3YIOTCH peaKUHH non

IIOI'O cnasmag S!Jlpa Mameaa a S!Jlpa ooMoapJlapyromero aoaa c nocneJlyromaM acnapeaaeM 

HeCKOnhKIIX JieliTpOIIOB H3 B030Y*IlOHHO~O COCT8BHOI'O HJlpa. 

CaolicTBa H)lep CHHT03HpyeMh!X H30TOIIOB0 C OJliiOi! CTOpOIIhi, H CIIOUBijlBK8 HJlOpHhiX 

peaKUHli IIOJl )leliCTB.HOM MliOI'03apH)lHhiX .HOIIOB, C Jlp~ol!,- IIp.HBOJlHT K TOMY, 'ITO CO'IOH.HH 

oopa30B8HHH )laneK.HX TpaacypaHOBhiX sneMeiiTOB ( Z,? 100) O'lellb Manh! .II OhiCTpo YOhiB810T 

c ysen.H'IeaaeM Z CHHTeaapyeMoro S!Jlpa. TaK, llarrpaMep, ecna ce'leaae peaKUIIII 

242 12 2SO -29 2 242 22 2&0 
Pu (C , 4n) Fm COCT8BnHeT ~ 10 CM , TO Ce'IOIIHe peaKUIIH Pu (Ne ,-4n)l04 

B 10
5 

paa MOIIbWO B COCTaBnHeT BenB'IHIIy ~ 1,3•10-
34 

CM
2

• 

Ka'leCTBeaaoe oo~gcaeHBe sToro oocToHTenhcTaa COCTOHT B BhiCOKol! JlOIIHMOCTB 

COCT8BHhiX H)lep C Z~ 100, ooycnOBIIOHHOit H.H3KHMB oaphepaMH )leneHBg ( < 5 M3B) 

npa 31Iepi'HHX CBH3B Hei!TpOHOB0 •npeBOCXOJlHDlBX 118 2-4 ~SB Oaphep JlOIIOHBH H npa 3Hepragx 

B030Y*JlOHHH B HeCKOIIhKO JlOCHTKOB ~SB. 

3aJla'la caaTeaa HOBhiX sneMeiiTOa BMeeT a Jlpyryro CTopoay. BpeMeHa *H31IB aaoTonoa, 

JlOCTYIIHbiX JlnH CBHTe3a, yOhiBSIOT npa yaeiiH'IOHHH Z 

UHIO, OCOOOHHO ecna Y'IOCTh 0 'ITO CO'IOHHH o6pa30B81IHH T8K}!{e yMeHhlll810TCH. 

, Ko apeMeHa Ha'lana 9KcnepaMeHTOB, cocTaBnHromax ocaoay COJlOP*8HB5I JlaccepTauaa, 

B 1IIITepaTYpe HMencg PHil sKcnepaMeiiTanhHbiX paooT, nocagmeaHbiX caaTeay a accnenoaa-

IIBHM 38KOIIOMepHOCTell oopa30B8HBH H30TOilOB Cm Cf Fm , 102-ro a 103-ro 

sneMOHTOB B HJlOpHbiX pe8KilHHX1 Bhl3hiB80Mh!X MHOI'038p5IJlHhiMH HOH8MH. 

Bhln onyonaKoaan TaK*O PHil TeopeTa'leCKHX pa6oT, noCB>II!leHHhiX paana'IHhiM acnexTaM 

'npooneMbl B38HMOJlOliCTBH5I MHOI'038pH)lHh!X .HOHOB C HllP8M.H TH}!{OnhiX SIIOMOHTOB, a, B 
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ocaosaoM, 6~na nocTpoeaa xapTaBa gnepBoll peaxnua c o6paaosaBaeM gnpa TpaBcypaBosoro 

sneMeBTa. 

KpaTKHH o63op OCBOBB~X SECnepBMBBTBnhB~X B TeopeTB'IBCKBX pa60T CO.IlBp~BTCsi 

B rnase 1 llHCCepTaUBBo 

/1,2/ 
B neps~x a nocnenyiOmax sKcnepaMeBTanhH~x pa60Tax 6~no noxaaauo, 'ITO 

npa B3BHMoneilcTsRH gnpa aoBa Z 1 c gnp oM Mli:meaa Z 2 R30TOn C 38pHAOM HApS 

Z
3
-Z 1+Z 2 nony'laeTcsr s gnepBoll peaKnaa, BMeiOmell xapaxrepByiO nnsr acnapaTellb!I"'Ix 

peSKUBii <jlyHKHHIO S036y~.ll9BHst. B COOTBBTCTBBH C STHM llilSI paC'IeTa CB'IBHHli TSKBX peaE-
n/ n; . 

UHH B pa60Te 6~na npellilOlKBBB CX9M8 lllKeKCOHB 1 . MOllB<jlHUHpOBBHHBSI C y'iBTOM B03-

MO~OCTH llOllOHBSI B036ylKllOBHOro srnpa B nponecce HCnapeBBSI BeliTpOHOB: 

uxn=uc(EI)G ,. G2••• GxPxn (E*)' 

rne usn - ce'leBae peaxnaH c acnaperuieM X BeliTpOBOB aa cocTasBoro srnpa; 

uc(E 1)- ceqeBae o6paaosaaasr cocTasBoro anpa, aanacamee oT sBeprua BaneTaiOmero 

aoaa; 

rn ) 
G .. <r +r, I 

I n . 
sepOHTBOCTb HCHapeHHH 

6y~neBa>~; 

-ro BeliTpoaa s nponecce CBSITHSI soa-

P (E*r seposrTHOCTb acnapeaasr TO'IHO x aeiiTpoaos npu saepraa soa6ylKlleHBsr E* 
zn . _ . 

rne 

rne. 

Pxn (E*)=l(l1x, 2x- 3)-1(11 x+l' 2x-l) 1 

I ( z,n)- BenonBaH raMMa-<jlyBKU!H! '<' llapcoaa; 
E* _..., B 

/1 = I 
X T 

B 1 - saeprag CBSI3H i -ro aeliTpoBa; 

T - Sl.llepBaSI TeMnepaTypa; 

!1 E*-"~' 
X+,= -~'1"1 Bl ana E* "'' !1 x+ F -~ Bl - E 1 

T 

ecna E 1<Bx+l , rlle E1 - aaeprag ·aKTHBanaa nnsr neneaa~ 

TaKHM o6paaoM, <jlopMYna onachiBaeT nponecc 06pa30B8BHSI COCTBBBOro 

Slllpa (Z, A) c sepoSITHOCTbiO uc , KOTopoe HMeeT aBepraro soa6y~neBHSI E* , cpen-

Bail yrnosoil MOMeHT aeKOTopyiO cpenHIOIO TeMnepaTypy T • 3~Te~ npOBCXOllHT 

nponeCC CHHTHSI B036yll<l!OHHSI nyTeM HCHyCKBHHSI CBB'IBUB HBHTpOBOB (npa'leM BCSIKHil pas 

·c acnycKaHaeM BellTpoaa KOBKypapyeT nponecc neneBaS1) 1 a aaToM, Korna sBeprag soa6y~

neHBSI CTBHOBHTCSI MeHbme· B 1 a E 1 , - nyTeM acnycKaHHSI y -ny'leii. CeqeBae o6paao

BBHHSI COCTBBHOrO Slllp8 uc B Cny'lae CHnhHOllBilSIUlBXCSI Slll9p MOlKBT 6hiTb C XOpomeii 
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TO'IBOCTbiO onpeneneBo sKcnepaMeBTanbBO no s<W>eETY neneBasr. fipa STOM aa o6mero s<W>exTa 

neneusr B~'IBTaeTcsr s<W>eET neneusr, CssraauB~ll c pa3nB'IBoro pona peaKUBSIMB nepena'la
141 

,BeilB'IHB8 CB'IBBHSI peaKUHH C BCnapeBBBM X BBHTpOBOB B OCBOBBOM onpenensteTCSJ 

npOH3BB)l9BBBM OTBOWBHBH BBpOSITBOCTBH acnapeHHsi BeliTpORa E BepOSITBOCTB )l9ll9BHSI Ba 

BCeX X CTYHBBSIX acnapHTBnhBOro KBCKB.Il,a. 

Hay'leBBe 38BHCBMOCTB rn ;r, OT z B A OT sBepraa soa6yll<l!OHHSI B senH'IBH~ 

yrnosoro MOMOBTB COCTBBBOrO gnpa MO~BT llBTb UBHB~e CBBllBBBSI 0 xapaKTBpHCTHKBX 

sToro srnpa a csoilcTsax cnoco6os ero pacnana. 

Hcn0nb30BBBB9 MHOr038pSillBhiX HOBOB llllSI STOll nenu )laeT BSH6o~mHe npeHMYUlBCTBB 

npa accnenosaBBR gnep c Z ,2! 100 npa 6om.max sBeprasrx soa6yl!<neaasr a s~coxax yrno-

Bh!X MOMBBTBX. 

B o6aopBoll pa60Te
151 

BaiineBa 38BHCBMOCTb rn ;r, =f( E*) )lllSI .llBYX/38KOBOB ll3Mepe
/ 

Bai nnOTBOCTR yposBell c sBepraell soa6ylK.IleBBSI 

II p (E*)= c• exp [ 2(~E*)~ ] 

2) p(E*)=C·exp(E*/T). 

fiocne HBTerpapOBBBHSI H B3SITHSI OTBOWOBHSI HOllY'IBBTCSI CilBllYIOWBSI npH6llHlK9BH8SI 38BHCH

MOCTb r ;r OT saeprall soa6yll<neaasr nnsr Monena <jlepMa-raaa: 
n f • 

4A2 /3 ( E* B' ) 
af - 11. exp[2a~(E*-B')~-2a~(E* 

k0 a 11 [2a~(E*-E;)li-1] 
11 

r" -r;-= -E't)lil, 

rne HB)leKc y a yxaa~saeT, K KBKOMY SUIPY OTHOCHTCSI napaMeTp HilOTHOCTII 

yposaell; 

an 

a, 
OCTaTO'IBOe HAPO nocne BCHYCKBHBSI HeiiTpOBaj 

SlllPO ~ cennosoll TO'IKe. 

(napaMeTp HilOTHOCTH ypOBBeil COCTSBHOrO SUipa OllHBBKOBhlM o6pa30M BXOllHT H B 

H B r 1 
BCll9llCTBB9 STOro ~ /r f He 38BBCHT OT STOll BBllH'IHHhl) • 

r 
11 

B' 
n 

H E'· 
f 

- nopor neneBasr a sBeprHSI cssraa BellTpoaa, nonpasneHBhle aa 'leT-

HOCTb srnpa. Bhl'IHCneBHSI, BhlnonBeHHhle B paMKBX cooTBeTcTByiOmax npennonolKeBa9, yKa-

3hiBaiOT Ba To, 'ITO Sl.llpa c BhlCOKBMB noporaMH neneBaSI npa ysena'leBaa aBepraa soa6y~ne

HHSI CTSHOBSITCSI 6onee CB:ilOBBhlMH K ll9ll9HHIO ( rn /r 1· yM9BbW8eTCS1) 1 8 y Sl)lep C BB3KHMII 

noporaMH neneHHSI CKilOBHOCTb K ll9il9HBIO C YBBllH'IBHHBM SHeprHH yMeBbmaeTCSI ( rn /r f 
ysena'lasaeTCSI). 

npa HCll0llb30B8HHB llll!l HilOTHOCTB ypoBBeii 38KOHa p (E*)=C• exp(E*/T) (T = const) 

nony'laeTCSI CllBJlYIOWee Bhlp8lKBHH9 llllSI r 11 /r f: 
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rn 2TA~/3 ,..--=-- •e:zp[(E' -B' )IT'] 
1 

k
0 

1 n . 

B npennonoJKeBDII T D = T I = T Conal •. B STOM Cny'lae rD trlue 38BDCDT CYT aaepr'DII B03oyJKne-

HBSI. 

Aaanoru'lHoe BhlpaJKeiiBe nng 

· gnepaoil TeMnepaTYpbi. 

rn 

r; nony'laaTCSI B 093 npennoJIOlK9IIBSI 0 DOCTOSIHCTBe 

16/ 
B paoOTe nnepBhle OhlllO oopameao BHHM8BDe Ba B03MOJKHOCTb 38BBCBMOCTD rD lrl OT 

yrnonoro MOM9BTa. Ecnu B pe3ynbT8Te B38DMoneilcTBDSI oopa30B8JIOCb B03oyJKneauoe gnpo 

C yrJIOBbiM MOMeHTOM 0 TO C STDM MOM9BTOM OK83biB8eTCSI CBSI38BHOil H9XOTOpag '18CTb 

aueprnu noaoyJKneasSI B sane XBHeTB'Iecxoll saepruu npameauSI. 

2 . 2 • 
Y MeHbmeHBe TenJIOBOil SHeprBB SltBBB8JieHTHO nooaBJiaiiBIO B9JIB'IBHbl E R = _h_!_ 

2] 
x aaeprnu CBSI3B scnapmomerocSI aeiiTPOHa, rne ] - MOMeHT HHepuua npamaiOmerocSI noa-

oyJKneHHoro gnpa. Aaanorii'IHO B cny'lae r I • BenD'IIIH8 aueprnu B030yJKneHHSl, BXOnSIWeil 

B ~OpMyny nnSI DllOTHOCTB ypOBHeil gnpa1 B cenJIOBOH TO'IKe yMeHbW89TCSl H8 B9JIB'IDHY 
2 2 

.1!.__2 J , rne ] - MOM9HT IIH9pUIIH gnpa B CenllOII_Oil TO'IKe OTHOCDT9nbHO OCII, J. • . 
nepneanuxynHpHoil nnocxoCTD neneHDSI. Ecna J > J • TO r yobiB89T c ynenu'leHDeM 

[' s n. 

OhlCTpee, '19M r I u, cnenonaTenbHO, rn yMaHbmaeTCSl nnH CJIY'I8Sl BpamaiOmerocg gnpa. 

I 

3anncnMoc"Tb rn I r 1 CYT z n A cocTanaoro gnpa coneplKBTCSl n paccMOTpeHHhlX 

Bblme cooTaomeanSix, TSK xax nxonSIWse n uux neJIH'IHHhi A , a, E ; , B ',; , E R' E 1R 

Hhl C BHnHBHnyanbHhlMD OC009HHOCTSlMH gnpa Z A 

CBSI38-

B CBSI3D c TaM, 'ITO c yneJIH'IaHHeM Z B .nocTynHhiX llJISl curiTe3a gnpax pa3auna 

( , • r 
\ El -BD)yohlnaeT, CT8HOBSlCb B npeneJlbHOM cny'lae paBHOil -s; npll E;- = 0. rD T8XlKa 

yMeHLmaeTcH. llps yneJIR'IeHnn A nnH Hnpa c naHHbiM Z nenD'IHHa ( E '· - B '· ) y~eJIH'ID-
1 D 

B89TCSl H3-38 OllHOBpeMaHHOro yneJIR'IaHHSl oapbepa ll9Jl9HHSl H yM9HbW9HHSl SHeprnH CBSl3B 

H9HTpOB8o lloaTOMY 00Dl8Sl T9Hil9HUBSI H3M9H9HHSl rn 1r I COCTOHT B B03p8CT8HBH rD lr
1 

npR ynenn'leHnH A • Onaaxo B03MOJKBbi HeperyngpaocTn, CBSI38HHble c 'laTHOCThiO n 

H8llH'III9M nonooOJIO'IKH • N = 152. 

3KcnepHM9HT8JlbHbiH M8TapH8Jl CBOilHTCSl K TOMy, 'ITO Yll8llOCb OllH03H8'1HO DOK838Tb
0 

~ r 
'ITO CYHl9CTByeT 38BHCHMOCTb f' OT Z H A COCT8BHOrO gnpa. 38BHCHMOCTb (--.!!) OT 

1 r 1 
aaeprnn noaoyJKneHBSI a HHTepnane E*::; .40 Man nng 92 $_Z $_ 98 ae obrna ooaapyJKeBa. 

151 rn 
B paoOTe OTCyTCTBHe pocTa ( r) c ynellli'19BHeM E* OO"LSlCHSleTCSl TaM, 'ITO nOCKOnb-

1 
KY ooJlbmeMy E * ooh!'IHO conyTcTnyeT D oonhmnil yrnonoil MOMeHT cocTanaoro gnpa, To 

yMeHLmeane nennMoCTH 38 C'leT ynenR'IeHDSl E* , B03MoJKao, KOMneacnpyeTCSl yneJIH'IeHB-

9M neJIRMOCTR C pOCTOM I • 

.flApa Tp8HCypaHOBbiX SJleMaHTOB C Z > 100, nocTynHhre AnSI cnHTe3a n peaxnnSix 

C MHOr038pSlllHhlMII IIOH8MD 0 SlBllSIIOTC5i BeiiTpOHOneljJIIUHTHhiMII. 8 CBSI~R C STIIM OHH MOryT 
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lilCDbiTbiB8Tb a -pacnan, pacnan C 38XB8TOM OpOHT8nbHOrO Sll9KTpOH8 H CDOHT8HH09 

neneoe. 

HecMCYTpll aa TO, 'ITO cymecTByiOmue TeopeTD'lecxue u nonyaMDDPD'lecxue cooTaome-

IIBSI nocTaTO'lBO xopomo onuCbiBaiOT nponeccbi panuoaxTunuoro pacnana gnep c z < 100, 

oo oxa3biBaiOTCSI Meaee npuronnbiMD nnSI gnep c Z> 100. B 'laCTBOCTD, DHTepecnhiMH non

pocaMB SIBlliDOTCSI: 1) BnDSIHBe nonooono'IXH N = 1ti2 aa aaepru10 a -pacnana u 2) nepo

BTHOCTb CDOBT8HBOrO neneBBSI gnep C Z>100. 

.flnepBble pa8XDBD non neilCTBB9M MBOr03apMHhiX HOBOB DpDBOnSIT K COCT8BHhiM 

Mp8M .C BbiCOXHM B03oyJKneiiBeM B yrnOBhiM MOMeHTOM. llpH STOM MoryT Ob!Tb CBHT93Dpo

B8Bbl D3CYTODhi, TpynuonocTynubie nng cuHTe3a n npyrux MeTonax ( Z > 100). 

B CBSl3D c TaM, 'ITO cocTaBHbie gnpa c yxa3aHHhiMD xapaxTepHCTHKSMD Mano D3y'leHhl, 

OC009HHO B OOll8CTD Z> 100, npenCT8BJISieT DHTepec nony'leHHe ualjlopM8DBB 0 CBOHCTBBX 
rD 

DX pacnana, B '18CTHOCTII0 D3y'!9HB9 BanD'IHH "f' • Yl3y'leHDe CBOilCTB pacnana B030yJKneH-
I . 

HbiX gnep· MOlKeT naTb DH.jlO~M8DHI00 C onHOil .CTOpOHhl0 0 DllOTHOCTH yponaei! B 0 C npyroil 

CTOpOHhi, 0 oapbepaX neneHDSI. 

nocxonbxy gnpa c Z> 100 SIBJISliOTCSI CHllbHoneJISlWDMDCSl, TO BeJIH'IDHY rn I r f 

uenecoo6pa3HO s3y'laTb no Bh!Xony peaxnsil c ucnapeaseM HeCKOnbKHX uei!Tpoaon. llpn 

STOM, onH81t0 0 Mhl Olt83biB89MCSl B OOII8CTD H9H3BaCTHhiX D30TOnOB H 3ll9M9HTO!l 0 D3y'laHHe 

x_apaXTepHCTHit P81lB081tTDBHOrO pacnana XOTOpblX T8XJKe np_ellCT8BJ1Sl9T 3H8'1HT9JlbHblil DHTe-

pee. 

· 8 CBSI3H C B3JlOJK9HHhiM II Obin8 BhlDOJI.H9H8 paoOT8 no CHHTe3y B B3y'leHBIO 38KOHo-

MapHOCTeil OOp830B8HBSl B30TODOB Tp8HCypaHOBbiX Sll9M9HTOB C 

pa8XUBSIX C MBOr03apSinBhlMB BOH8MB. 

Z > 100 B gnepHbiX 

rnana fi nuccepT8DHH nOCBSlW9H8 SKCnepHM9HT8nbHhlM BCCJ191lOB8HHSlM B OOJI8CTH 

z >100. 

B "§ 1 conepJKHTCSl onncaune MeTOilHKH uccnenonaHnH, npnMeHeHHOil npn ll3y'leHHH 

gneplilbiX peaKUHil C 00p830B8HD9M. B3B9CTHhlX D HOBbiX H30TODOB ll8ll9KDX TpaacypaHOBbiX 

sneMeHTOB. 

B ocaonaoM paooTbi obrns Bhlnonaeahl c llcnoJlb3onaaueM nayTpeaaero ny'IKa TSIJKe

JibiX HOBOB 310-CM UDKllOTpOH8 naoopaTOpHII gnepBhlX peaKUIIil 0Y!.HI1. 

llpB pa3p800TKe MaTOniiKD perHCTp8DHH II uneHTII<jJHK8UIIII HOBbiX H30TOnOB C Z>100 

oblno y'ITeHo, 'ITO: 1) npeMeHa ux lKB311B Meaee 1 MHHYThl, 'ITO He noanonSieT npOD3aecTH 

XBMD'laCKYIO cenapaUDIOi :l) ljJOH a -D3ny'I9HIISI B WHpOKOM DHTepB8l!9 3HeprHil a -'18CTIIU 

38 c'leT peaxuull nepeAa'IB, a TSKJKe 38 c'leT npuMecen CBIIHna 11 np. aneMeHTOB B Mume-

17,8/ 
BSIX BO MBOrO p83 npeBhlW89T a -aKTHBHOCTb DCCJienyeMbiX B30TODOB 
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8 CBB3H C STHM nna KOpOTKO~HBymax a -aKTHBHhlX H30TOnOB HCnOnh30BanCB MeTOA 

·perHCTpanHJi H HAeHTHcpHKallHH a -aKTHBHbiX npOAYKTOB SUJ.epHblX peaKllHH no HX OTHOCH

TenbHO nonrO~HBymHM AO'IepHHM a -aKTHBHbiM npOAYKTaM. 8TOT MeTOA 6bJn Bnepawe npH-
' ' /9/ 

Meaea npa nony'leaaa HOBbiX sneMeHTOB rpynnol! yqeabiX1 pa60Taromax a EepKna 

Ocaoaol! sToro MeTana ganaeTcB co6apaaae anep OTAa'la nocne a -pacnana·. Kaae-

Ta'lecKaB saepraa anep oTnaqa paaaa • 100 KSB. Ilpa STOM OHH OKa3biBaiOTCB HOHK3Q-

aaaHblMH a MoryT 6b1Tb co6paaw sneKTpK'leCKHM noneM B raaoaoll .cpene aa cnenaanhHyro 

nonno~Ky. 

Ecna anpa1 acnbiTbiBaromae a -pacnan1 aaxonBTcB aa KaKoll-na6o noaepxaocTa1 TO 

saeprKH 100 KSB Bnonae AOCTaTO'IHO nnH OTphlBll anep OT/Ia'IH OT STOll noaepXHOCTH. Ilony

'leHHe a6conroTHO TOHKHX cnoea aa nponyKTOB anepawx peaKnaii npencTaanseT co6oii cno~-

ayro aana'ly. 

nng scjJ<peKTKBHOrO C06Hp8HKB nponyKTOB anepHblX peaKllKii Mbl HCnOnb30Bana nacjl¢ly3HIO 

aaTopMo~eHHblX B raae aTOMOB c nocnenyromel! ancop6naeii 

CKOii noaepXHOCTHo 

/10/ 
CxeMa sKcnepnMeHTa BblrnSinena cnenyromnM o6paaoM • 

ax aa xononaoii MeTannaqe-

YcTpoiicTB01 B KOTopoM: ocymecTananocb aaKonneane no'lepaax nponyKTOB1 B03HHKaro

max nocne a -pacnana1 CHHTe3HpOBaHHhlX B anepHOii peaKUHH . HSOTOnOB1 6binO CMOHTHpOBa

HO B raaoaanonaeaaoM npo6aaKe. KoacTpyKUHB sToro ycTpollcTaa cxeMaTH'leCKH aao6pa~e

aa Hll pHCo 1. Era OCHOBOll HBnBeTCB BpamaromHiiCB MaCCHBHblii MeAHblii 11HCK1 AHSMeTpOM 

100 MM(1). Ha nepacjlepaa nacKa HMeeTcB Konhneaoe yrny6neaae npaMoyronbaoro ce'!eaaa. 

Henonaa~awe Mexaaa'leCKHe npo6Ka (~) caepxy a·caaay OTceKaroT 'laCTb o6~eMa sToro 

;;ny6neaaB1 a cnepena paaMemaeTca MameHb (3) 1 KOTopaB aaMbiKaeT1 TaKHM o6pa30M1 sTy 

'laCTb yrny6neaaa. 

IlpOAYKTbl peaKUHH Bbi6HB810TCH H3 MHWeHH B STOT 38MKHYTWii o6~eM1 TOpM03HTCH B 

raae a na<jlcjlyanapyiOT aa cTeHKH1 orpaaaqaaaromae o6~eM. 

ATOMbl1 ancop6apoaaHHble aa noaepxaocTH Konhneaoro yrny6neans1 npn apameana 

nacKa nepeaocBTcB aa aoaw o6ny'leana B aoay1 rne npoacxonaT co6apaane anep OTIIa'IH 

nocne a -pacnana nponyKTOB anepHblX peamall. C6opHHK anep OTAa'IH (4) npencTaanaeT 

co6oii MeTanna'leCKyro ocaoay B aane nyrH1 aa KoTopyro npaKpennseTCB cepe6pswaa ana 

aonOTaa cjlonbra. Ha c6opHHK nonaeTCB oTpanaTenbaoe aanpa~eaae - 80 BOnbT. 8Toro 

HanpBlKeHHB anonae IIOCTaTO'IHO nng scp<jleKTHBHOro co6apaHHB SUJep OTIIa'IH nocne . a -pacnana. 

nacK Bpamancg C nocTOBHHOii CKOpOCTbl01 KOTOpyro MO~HO 6wno H3MeHBTb B mHpOKHX 

npenenax. 3aag pacnpeneneane aKTHBHOCTH no'lepanx nponyKTOB BAOnb c6opaaKa a CKOpOCTb 

apameana nacxa1 MO~ao 6wno aaMepBTb nepaon nonypacnana MaTepKHCKOro aaoTona. 
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Ilocne o6ny'leHHB1 KOTOpOe nnKnOCb CTOnbKO BpeMeHK1 'IT06hl HaKOnHTb OnTHMalibHOe 

KonH'IeCTBO AO'IepHHX nponyKTOB H~ c6opHHKe1 ~onbra-c6opHHK XHMH'IeCKH nepepa6aTWB8-

naCb1 awnenanca onpeneneHHblll sneMeBT ana rpynna sneMeHTOB. Ilpa anbfjla-cnexTpoMeTpaa 

COOTBeTCTBYIOmeli XHMH'IeCKOll cppBKilHli nony'lanCB H30TOnHbllt COCTllB AO'IepHHX npOAYKTOBo 

Ba~HWM nocTOHHCTBOM liCnonb3oaaaaoro MeTona BBnaeTcB onaoaaa'!HOCTb np!I onpene-

neaaa A a Z uccnenyeMoro anpa - nponyxTa anepaoll peaKnaa. EcTEiCTBeaao1 'ITO saep· 

run a -pacnana ae Mo~eT 6b1Tb onpeneneaa • 

Ka'leCTBO MeTOAHKH (a<jlcjleKTliBHOC.Tb1 ypoaeHb cjloaa) 6blnH npoaepeHbi np!I accnenoaa

HHH peaxnull 
238 20 250 a .114& 

U (Ne 1 a4n) Fm - Cf 

Ba 138 (Ne ~o 1 71 Sn) Dy lSI, ISO 

B STHX onwTax 6blliO noKaaaao1 'ITO acjlcjleKTHBHOCTb per!ICTpanuu MaTepuacKoro npoayKTa 

no no'lepaeMy • 20%1 a ypoaeHb B03MO~aoro cjloaa noaaonaeT !IccneaoaaTb ce'leHH>I annoTb 
-34 2 

P,O 10 CM o 

Ewno TBKJKe ycTaaoaneao1 

accnenoaaaaa asOTonoa c T* > 

'ITO MeTOIIHKa MO~eT 6WTb yaepeHHO npHMeHeHa AnSI 

1 cex. 

B § 1 coneplKHTCB TaK~e onucaaue cnenuanbao paapa6oraaaoro nns nenel! accneno

aaaHB Clia6WX a -altTHBHOCTeli HOHH381lHOHHOrO a -cneKTpOMeTpa C paapemeHHeM a 30 KSB 

H 'lp93Bbi'I8HHO HH3KHM ypOBHeM cpOHa1 AnSI AOCTHlKeHHB KOTOporo HCnOnb30BaHa sneKTpH'Ie-

CltaB ltonnHMllliHBo 

KpaTKO onucaabl MeTonw XHMH'IecKoil cenapanuu H uaroToaneaue Mameaeii. 

B § 2 coneplKHTCB onucaaue sKcnepHMeHTOB no aay'leHHro saepreTH'leCKHX aaaucuMo-

cTell ce'!eaull cnenyromux peaKUHli1 anymux c o6paaoaaaaeM paana'IHbiX aaoTonoa 

( Z= 100) /11 112113/: 

Th 232 (Ne 22 I 4n) Fm 250 

U 238 (O 16 
1 41 5160

) Fm 250, 249, 248 

U 238 (O 18 
1 31 41 51 61 

Sn) Fm 253, 252, 251, 250, 248 

cpepMHB 

PeaynhTaTbl npencTaaneabl aa puc. 2. B sxcnepaMeHTax caaTeaapoaaa aeaaaecTawli paaee· 

H30T01l Fm 249 c T *a 150 CeK ( T *a = 15 MHH1 T * = 3 MHH). 

B § 3 onacaabl onbiTbl no csiiTeay a reaeTs'leCKoli uneBTacjluxauaa saoTonoa Meanene-

BHB \ Z •101) nps aay'leHHB cjlyaxnail aoa6y~eaan cnenyromsx anepawx peamull: 

9 



2:!8 19 253, 252, 250 
U (F , 4, 5, 7n) Md · {eM. pne, 2 )/13/ • 

B § 4 eoAep~nTeR noApo6noe nano~eHHe aKenepnMeHToB, npnBeAmnx K ennTeay n 
. -~6 ~4 

naMepeHHIO. apeMen )I(H3HH naoTonoe 102 , H 102 • Eb!no noKaaano, 'ITO o6a naOTona 

a· -aKTHBHbl
1 

e T~ eOOTBeTeTBeHHO 8 H 50 eeKyHA, llpH 3TOM HeeneAOBSHhl ¢yHKnHH 
_110 13 14/ 

aoa6y:>KAeHHR AllR eneAYIOWHX RAepHb!X peaKnnn ' ' : 

U 238 (Ne 20' 4n) .lQZ 254 

238 22 258,254 
U (Ne , 4, 6n) 102 

Am 
243 

(N IS' 4n) 102 
254

• (eM, pne. 2) 

. 
§ 5 eonep~nT onnealiHe OIIhiTOB no enHTeay, HAeHTH<jlHKSD:HH n onpeAeneHHIO nepno-

2~ . 
AS nonypsensns naoTons Lw ( Z = 103) B RAepnoll pesKnnn Am

243 (O 18
,Sn )Lw 

256 

{eM. pne. 2). 

rnsas rn AneeepTsnnn noeamneas anannay aKenepnMenTanbHO nonyqeHHbiX ¢ynKnnll 

B036yJKA9HHR pa3ilH'IHbiX RABpHb!X peSKD:KJ!:, B 'ISCTHOCTH, H3Bil9'1BHH10 H3 .HHX BBilH'IHH rn /r1 

AllR pa311H'IHhlX xapSKTepneTHK eoCTSBHOI'O RApS, 

lloeKOilhKY B nponeeee nenspeHHR HefiTpOHbB H3M9HSIOTeR Bee XSpSKTepneTHKH eoeTSB• 

noro RApa ( E* , B., , E 1 , I , N ) aa neKniO'IeHneM Z , TO HaXO)I(AeHne TO'IHhiX 
r., 

3Ha'leHBil G I = ( -r---) I npeAeTSBilRBT 60ilbWHB TPYAHOCTH, 
n +r, 

nng KS'IeeTBBHHOI'O onneaHHR nponeeea nenapeHHS HBHTpOHOB BBOAHTeR epeAHee 3HS-

'19HH9 G no ASHHOMy KaeKSAYo KOTOpOe OnpeABilReTeS TSK: 

- --r,- -~ r . 
G-(r--7)- ll (~)I 

n + f l= 1 n + f 

r., 
Hsxo~Aenne epeAHHX ans'lennli <rr ). npeAeTaanseT eo6oli npOCTYIO onepsnn10 naaneqeHHR 

ft+ f (f 

KOpHS eTeneHH X H3 OTHOWBHHS ( )" ( *) 
u 0 EI PXIl E 

Pae'leT aaaqenns Pxn (E*) a6nnan MSKeHMYMa aToll aenn'IHHbl He npeAeTsBnReT 

TPYAS
0 

H M0)1(9T 6b!Tb Bb!UOilHBH e AOeTSTO'IHOll TO'IHOeTblO, 3HS'IHTBnbHO 6onee eiiO)I(HbiM 

aonpocoM sanseTCR onpeAeneane nonO)I(BHHR Kpnaol!: Pxn (E*) Ha anepreTn'leeKoli oen, 

nng ero pem~HHS He06XOAHMO 3HSTb anepreTB'IeeKHll eneKTp nenspSIOWBXeR neliTpOHOB HilH 

epeAHIOIO no KaeKany · RAepnyiO TeMnepSTYPY. CKsasnaoe oeo6eHHo OTnoenTes K pse'leTsM r . -
( r") K3 peaKD:Hil nenapeHHR 4-x HeliTponoB·, KOI'AS npOH3BBA9HKe u ( E I) p ( E*) ()epeT-

f c :z:n 

e.11 B o6nscTn enilbnoro. naMenenns u 
0 

( E I) a6nnan KynonoeeKoro 6spbepa. 

10 

• 

r;. 
OxaableseTeR, 'ITO B aToM· enyqae (y) Tpynao onpeneilHTb e TO'IHOCTbiO, nyqmell, 

f 
'19M 20%, 'ITO eOOTBBTCTByeT OWK6Ke B 100% npK B3MBp9HKK eeqeHHS cr

4
q , 

, r 
CpeAHKe 3HS'I9HHS ( r: ) OblilH Bbi'!HeneHbl AilS Beex neenenoeaHHblX . peaKnnll 

(eM. Tstinnny No 1 ) • 

Tatinnns 

G""" ......... . 
(;~) 

. 
"E~ N•N> . .A .Hnepnas peaKnns . . C. I'\ 2. 

. . nn. . . 
~~b • . . 

'"''l~t.(N.J.t )ft.~o ;2,5.ro-3I . . 
252,5 

. I. . e. ,4Vl .WI 0,070 . 20,3 
2. \Jnll (o' .. , 4~) r;,so 5.ro-31 0,075 252,5 20,8 
3. Dn2 (Q1 ~1 €>\\.) F~"8 3,5.ro-31 o,II5 251,5 26,8 
4. Vn~ lt>1'l

1
4\!) F~n .. 7,5.ro-31 0,091 254,5 19,6 

5. unt lo'~, S"I.)F~n 4.o.ro-30 o,I25 251t 22,4 
6. vnll tq'', {,\<\) ~=~0 r,g.ro-30 0,152 ~~53,5 25,7 
7. vn• lo'', &;..) ~~~i' ·~1 1,25.10-"· 0,172 252,5 35,5 

t;i lS"3 ')2 
8. u l f'') '{\.,) ("\·~ 4,0.!0-..... 0,082 255,5 n,s 

Um l~'' Si-1) 1"\c\m. -31 9. - ) 5,0.10 0,098 255 ?LI 1 5 
t>i I'! ZSil -'·' l 10. U lf I 1")11~ I,9.10'"' 0,139 254 32,4 

unll u . UE. -·~2 
0,034 258,5 21,3 II. (.Nt. 

1 
4"1'1 )-toz. 4,5.10 ~ 

ng u. ~ · 1.sf 
2,2.10-31 I2. v LNt. I!))\ )lOt 0,067 258 23,6 

1Jn9 u u~ -32 I3. lNt. I{,\,) l.O~ 6,I.IO 0,080 257,5 27,3 
Hi to U'! 'J3 

0,026 256,5 22,5 I4. V lrh , 4 ~) 1oz.. 3.o.ro-... 
1.4> S" ts1! ~2 

15. Jl""' lt-1' , 4 ~) \01. 6,0.IO_u_ 0,038 256,5 20,3 
14~ ,, \., 25"" 

fi,o.ro-32 
21,7 Tn A l o s h) w 0,053 259 .i)o ~ . I 
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.nna HSXO:>KAeHI!ISI ODpeAeneHI!IblX TeHAeHili!IJ! B 1!13MeHeHI!II!I u 
ZD 

r 
1!1 ( r" ) B 38BI!IC1!1Mo-

l . 
CTI!I OT A • z ' E* CDeJ:!YeT Cp8BHI!ITb Te Cny'lal!l 1 KOTOpble OTnl!l'lSIOTCSI DO B03-

MO:>KHOCTI!I 3HS'leHI!ISIMI!I nHmh OAHOB 1!13 3TI!IX aenl!l'li!IH, 

r . 
.nna DOJly'leRI!ISI CBOABHI!Iil 0 38BI!ICI!IMOCTI!I ( i. ) • f(A)z -cout YA06HO cpaBHI!ITb peaKUI!IB 

~38 18 248 238 1e 50 I 
3- U (O , 6n) Fm 111 6- U (0 ,6n) Fm~ • B o6oax cny'lasx cocTaBI!Ible SIApa 

Fm I!IMeiOT DpaltTB'leCKB OABHBKOBble SHep_rna B0315Y:>KAeHBR 1!1 yrDOBble MOMeHTbl 1!1 pa3-

nH'lBIOTCSI ni!IWb T9M1 'ITO Ha BCeX WeCTI!I KBCKBABX BCDapeHBR OTDB'lBIOTCSI HB flA '" 2, 0Ka-

f' r • 
3b!BaeTCR1 'ITO ( r") ~0,87( r) AnSI Z -100, C OWBI5KOii, He DpeBblWBIOWeJ! 7%, 

I A I A+l 

CneAyeT OTMeTBT&, 'ITO I!ICDapHTen&Hbie KBCKBAbl a paccMaTpaaaeMbiX peaKuBRX 

. DpOI!ICXOART B pal!oHe nOAOI5onO'lKI!I N = 152, H 9T01 KSK 

r .. 
/16/ 

yKa3b!BBeTCSI B pa60Te 1 Mo-

<y)=f(.~) 
I 

:>KeT DOBni!IRTb HB peryngpHOCTb B 1!13MeHeHBI!I 

flpa paCCMOTpeHI!IB SKCnepaMeHTBDbHbiX pe3yn&TBTOB ol5pamaeT liB ce15SI BRI!IMBHI!Ie 

r r 
TOT <jlaKT, 'ITO DpBKTB'leCKI!I BO BCeX BCCDeAOBBHHbiX cnyqaRX ADS! ABHHOroZ (.::!1.) <::(-"-) 0 

f'1 z I f'1 z
2 

ecna x
1 

<x 
2 

, T.e. '19M 6on&me CTyDeHeii: BMeeT BCDapBTeDbHblil K8CKBA1 TeM 6on&we 

r: 
CpeAHe~ 3Ha'leHBe ( f'n ) 1 paC,C'lBTaHHOe 1!13 STOrO KBCKBAB 1 'ITO CBBAeTeDbCTByeT 0 3aMeT-

I ' 
HOM yMeHbDleHBB AeDBMOCTB SIApa C yaena'!eHBeM SHepral!l B036Y:>KAeHBSio 

. r. ~!8 18 250 
i1HTepeCHO B STOM CMb!Cne CpBBHBTb (f'n) 1!13 peaKUBJ! 2-U (0 1 4n) Fm 

7-U 
238

( 0 
18

, Sn) Fm 
248 

, ADR KOTOpbiX
1 

cpeAHee no KBCKBAY A OAHO a TO me 

1!1 

1!1 

paaHo 252,5 Dpa cymecTaeHHO paanH'!Holl cpeAHeu sHepraa aoa6ymAeHBSI, B DepaoM cny-
r . r 

'lae (['") =0,075, ( E*=20,8), B TO BpeMSI KSK ADSI Apyroii: peaKUI!IB (T-) 
I . I 

( E* =35,5), 3AeCb HMeeTcSI, TBKBM o6pa3oM, o'AH03Ba'!Hoe yKa3aHI!Ie sa poeT 

yaena'leHI!IeM sHepraa aoa6ymAeHBSI, 

. r: 

= 0,172 

(~) 
rl 

c 

HaxoJKAeHne 3BBBCBMOCTB (-/? )= f(E*) MOJKeT 6hiTb CAenaHo, ecn111 aBa'lane Ao-

f r. 
nycTHTb ynpowaiOwee npeAnonoJKeB&e: ( r: n) f f (A, I) 

I 

, a 3aTeM aaecTa nonpaBKH, ycTpa-

HSIIOWI!Ie pe3yllbTBT 9Toro AOnymeBI!ISI, 

Ha puc,. 3 CBeTDbiMI!I TO'IKBMB HSHeceHbl ASHHble DO 
r: 

(['") B 3BBI!ICI!IMOCTB OT cpeA-

n~ ( 0 
18

, 4, 5, 6, Sn ) - peaK-Hell 9HeprHH B036yJKAeHI!ISI AnSI Z = 100, 9bl'li!ICneHHb!e 

UI!ISIM, OTHOCSDill!leCSI K COOTBeTCTBYIODli!IM cpeAHI!IM 3HB'leHI!ISIM A , .nononBBTen&HaSI BH(jlOp-

MBUI!ISI .MOJKeT 6hiTb Dony'!eHa 1!13 cpaBHeHHSI Ce'leBHll (Sn- 6n) - 1!1 (6n- 8n) -peaKUI!Iil, 

r: J 
Ecna Tenepb BHBCTB nonpaaKy, CBSI3BHHyiO c 3BBI!ICHMOCTbiO ( r") OT A ' I!ICXOASI 

~ ~ I 
1!13 COOTHOWeHI!ISI (y)A = 0,87 (y)A+I' TO Mbl DOny'li!IM eme 6onee £PKO BblpBJKeHHbiJ! 

r 1 1 r 
poeT ( r") npl!l yaeDH'leHHI!I SHeprBB B036yJKAeHI!ISI, Ha pac, 3 (f' n) 1 Dpi!IBeAei!IHble K 

I · I 
HAPY c A = 254, B30I5paJKel!lbi 3a'lepaeHHbiMH TO'lKBMH, Y'leT anaSIHBSI yrnoaoro MOMeHTa 

Ba AeDBMOCTb SIApa Aon:>KeH ABTb eme 6onee pe3KO BblpaJKeHHOe yaeDH'leBHe (~) Dpl!l r, 
yaenH'leHHI!I 9Heprlll!l B036y:>KABHI!ISI, 

12 

' 

TaKI!IM ol5pa3ou, noJrf'leHo J:a'leCTBBBHoe cornac•e B3Mepeaaol! 3BBBCI!IMOCTI!I 
r . 

( r:") .. F ( E*) C · paCC'li!ITBI!IHOil0 npa I!ICDOJib,.'lOBal!ll!ll!l DDOTI!IOCTI!I ypOBI!Ieil DO MOAenH 
f • 

$epMB-ra3a, 0 KOnH'lBCTBOI!IHOM cornaCBB l!leT B03MO:>KHOCTB rOBOpHTb1 TBJ: KBJ: 1!191!13B9CTI!Ibl 
E 

3H8'19RI!ISI HeCKOllbKI!IX DapaMeTJlOB0 BXOASI11li!IX B MOA9llb0 Hanpi!IM9p0 a 
11 0 a f , 7 1!1 J:tp, 

C Apyrol! CT0p01!1b10 9KCD9pi!IMBHT8llbl!lbl9 ABHI!Ib19 MOryT 6b!Tb I!ICDOllb30B8libl ADS! H~XC»KAB

RI!ISI STI!IX D8p8M8Tp0B, 

IlocKOn&Ky Ha&6on&mee KOnH'IeCTBO nal!ll!lb!X nna pa3DI!I'II!Ib!X Z OTHOCBTCSI K peal:-

peaKUHil yno6Ho upocneAHTb 3a H3MeHeHB-UI!ISIM ( 115 n ) 0 TO I!IMeHHO no C9'19HI!ISIM STI!IX 

r 
eM ( r" ) B 38BBCBMOCTI!I OT Z COCTBBHOro SIApa, 

f -----r .. r 
Ha puc. 4 naHbl <r) 

/17/ . I 
BaRTO 1!13 pa60Thl , To'IKB 

BMeeTCSI 9KCDOHei!IDB8llbH09 

ADS! pa3nB'lHbiX aneMeHTOB, 3ua'leRI!Ie ( r n) nna Z .. 98 
I 5. 

noaon&Ho xopomo pacnonaraiOTCSI a6nH3a DpsMoil nHHBH, T,e, r . 
yMel!lbWeHI!Ie ( f' n) 

5 
C yaenB'lBHI!IeM Z COCTBBHOro SIApa, 

I 

3Ta 9MDBpB'leCKBSI 38BBCBMOCTb MOlKeT 6b!Tb I!ICDonh30BBH8 ADS! O!lei!IOK Ce'lei!II!IB 

SIAepBb!X peaKDBll, npuaoASI11li!IX K canTe3y 6onee TSI:>KenbiX sneMeHTOB, TaK, aanpuMep, 

Ce'leBI!Ie peaKUI!IB Am 243 (O 
18

, Sn) Lw 258 
6hlno ana 'lane .o!leBeHo 1!13 aToll: 3aaHCBMOCTB, a 3aTeM 

B3MepeHO 9KCDepBM9HT8llbHO, flpl!l 9TOM 6b!DO DOny'leBO AOCTBTO'li!IO Xopomee cornacae 

SKCDepaMeHTallbBOil aenB'li!IHbl C9'1eHBSI 1!1 aenB'li!IHblo Haii:A9BHOil Ba OCI!Ioae SMDI!IpB'leCKOfi 

SaBBCHMOCTB ( f'f' n) OT Z 
. I 

B rnaae IV AaccepTauaa.cAenaRo aecKon&Ko 3BMB'IBHI!Iii o csoilcTaax paABOaKTHB-

aoro paCDaAa SIAep B30TODOB TRJKBDbiX SDBMeHTOB Ha OCHOBe l!laKODDeHHOrO 9KCDepaMeHT8Db-

Horo MaTepuana, 

Hame u3naraiOTca ocHoal!lbie pe3yn&TaTbi ahlnonaeaaoii pa60Thl. 

1, flony'leHbl SHepreTB'leCKI!Ie 38BI!ICI!IMOCTB Ce'leBHSI CDeAyiOWI!IX SIAepBb!X peaKUI!I'J!: 

Th 232 (Ne 22
, 4n) Fm 250 

u238 (0 16. 4, 5, 6n) Fm.2SO, 249,248 

238 18 252, 251, 2!50, 248 
U (0 , 4, 5, 6, Sn) Fm . 

238 19 253, 252, 250 
U (F ,4,5,7n)Md 

23 8 20 
U (Ne 

254 
, 4n) 102 

238 22 256, 255, 254 
U (Ne , 4, 5, 6n) 102 

243 IS 254 
Am (N , 4n)102 

243 18 256 
Am (0 ,Sn)Lw , 
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2. CuHTeaupoaaHhl cneAyromue HeuaaeCTHhle paHee uaOTonhl: Fm
2

•
9 

; Md
253

, Md
252

, 

250 256 . . 256 249 Md ; 102 ; Lw H onpeAeneHhl BHAhl ux pacnaAa. ,Una H30TODOB Fm , Md 
25~ 

254 256 . 256 254 102 • 102 • Lw H3MepeHhl apeMeHa X<H3Hilo noxaaaHo, 'ITO H30TOD 102 HMeeT 

nepllOA nonypaCDaJ:I& (60;!; 10) ceK0 'ITO He COOTBGTCTByeT 3H8'19HHI00 DOny'leHHOMY B pa- . 

/9/ . 
60Te npu ero OTKphiTHB ( T% = 3 cex). 

3. noxa3aHo, 'ITO: 1) y qeTHo-'leTHhiX SIAep c Z = 102 He na6nroAaeTca peaxoro yaerur

qeJIHSI aepOS!THOCTH CDOHTaHHOro l(eneHHSI B cpaBHGHHH C SIAp8Mil C Z = 100; 2) DOA060JIO'I-

KA N = 152 npu Z .. 102 oxaabiBaeT BnHSIHHe 11a Q4 He MeHee CHIIbHoe, qeM npu 

z = 100. 

4. KaqecTBeHno 
r 

uay'leno BnHSIHHe Z , A H saepruu aoa.6yX<AeHHSI cocTaanoro !lApa 

118 BGJIII'IHIIY ( r") o 
. I 

flOK838H0
0 

'ITO l(JISI CHJibHOJ:(GJISIIllHXCSI S!A8p B9JIH'IHH8 

· sHeprBB aoa6ylKAGHBSI. 
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Puc. 1. CxeMil. ycTpoilcTBil. nnR CHHTeaa B HlleHTB<jJBKil.IlHH KopoTKO>I<HBymux a -aKTBBHhiX 
H30TOilOB no BX itO'IepHHM npoJtyKTil.M; ( 1) - MeAHblii ltliCK C KOJibil9BblM yrny6ne
HHeM HB nepu<jlepBBi (2) --MeXSHB'IeCKHe npo6KHi (3)- MHm9Hh Hll. ll.niDMHHH~ 
soli nonno~e; (4) - c6opHBK nponyKTOB a -pacnana; (5) - 'aneKTpH'IeCKBe 

npo6KH'. 
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